Objective: The objective of this study was to compare 2 diuretic renography procedures: Fj15 versus F+10(sp) for diagnosis of obstructive uropathy in adults. Methods: Thirty-six patients with unilateral or bilateral hydronephrosis had 2 consecutive 99m Tc-MAG3 diuretic renograms within 7 days, using the widely used procedure Fj15 in supine position, and a new seated-position procedure whereby the patient drinks 400 to 500 mL of water at 5 minutes and receives an injection of 20 mg of furosemide at 10 minutes [F+10 (sp)]. Results: Fj15 showed nonobstructive results in 63.9% of kidneys, obstruction in 26.4%, and equivocal findings in 6.9% and was not applicable in 2.8%. F+10(sp) showed nonobstructive results in 70.9%, obstruction in 27.8%, and equivocal result in 1.4% of kidneys. Nephroptosis was observed by F+10(sp) in 22.2% of kidneys. Adverse effects reported for the Fj15 were hypotension in 2 patients, renal colic in 3 patients, and interruption due to voiding in 5 patients. No adverse effects were reported for F+10 (sp).
H ydronephrosis is the dilation of the renal pelvis and calyces usually associated with progressive atrophy and cystic enlargement of the kidney due to obstruction of the outflow of urine. 1 In some cases, however, the dilatation of the renal pelvis and calyces may be an anatomical variant, without any significant clinical and pathological consequences. This makes identification of patients who would benefit from therapy a significant clinical challenge.
The diuretic renogram is the most commonly used tool for the detection of the upper urinary tract obstruction and functional significance of urine outflow. In 1978, O'Reilly et al 2 proposed the first procedure: a dose of 40 mg of furosemide was given 20 minutes after injection of 99m Tc-DTPA (subsequently substituted by 99m TcMAG3 that has the advantage of a higher extraction rate), and the dynamic acquisition was continued for another 20 minutes (F+20).
Initially, the test was performed in seated position, and the patient was normally hydrated. 2 Unfortunately, the procedure F+20 was associated with 15% to 30% equivocal results. 3 In 1987, English et al 4 suggested that injecting furosemide 15 minutes before radiotracer (Fj15) may reduce equivocal responses.
Subsequently, and to prevent a blood pressure drop, many authors preferred to study the patient in supine position. Currently, there are no guidelines for diuretic renography in adult patients. The guidelines for pediatric patients suggest to use the supine position to reduce the risk of movements and propose 4 different timings of diuretic administration: 20 minutes after the injection of tracer (F+20), 15 minutes before tracer injection (Fj15), at the beginning of the study (F0), and 2 minutes after the tracer (F+2). 5Y7 According to the latest European Association of Nuclear Medicine guidelines for pediatric diuretic renography, there is no evidence at present to suggest that any one of the above timings is better than the other.
It is therefore not surprising that a recent interobserver study 8 showed a low diagnostic concordance among 57 observers from 5 continents in the diagnosis of obstructive nephropathy. Some observers reported the drainage as being good, whereas others had a general tendency to consider the drainage as poor, resulting in different diagnosis in the same clinical cases, with consequences on treatment. Analysis of individual cases identified some obvious causes of discrepancy: the absence of a clear limit between partial and good or almost good drainage, the fact of including or neglecting the effect of micturition and change of patient's position, the underestimation of drainage in the case of a flat renogram curve, and the difficulties of interpretation in the case of a small, dysfunctional kidney. The authors concluded that there is an urgent need for better standardization in estimating the quality of drainage.
The aim of this work was to compare the renal drainage obtained in the same adult patient using 2 procedures consecutively within 7 days: the procedure Fj15 in supine position 4 and the procedure F+10(sp) in seated position, with a lower dose of furosemide. 9,10
METHODS
We enrolled 36 white adult patients (16 males, 20 females), 29 with unilateral hydronephrosis and 7 with bilateral hydronephrosis. The mean age was 37 (SD, 14.9) years (range, 18Y71 years). The patients were selected on the basis of an ultrasound study demonstrating a dilation of the collecting system. All subjects underwent 2 99m Tc-MAG3 diuretic renograms consecutively using 2 procedures: Fj15 (by English et al 4 ) and a new procedure F+10(sp) (seated position). The average interval between the 2 procedures was 7 days.
The diuretic renograms were performed as follows:
(1) For Fj15 procedure, the patients were encouraged to drink 400 to 500 mL of water (7-10 mL/kg) about 30 minutes before tracer injection. A dose of 40 mg of furosemide was injected intravenously 15 minutes before tracer injection in supine position. After emptying the bladder, a dose of 99m Tc-MAG3 was given intravenously, and dynamic acquisition started for 20 minutes, in supine position. 4 (2) For F+10(sp) procedure, the renogram was performed in seated position. The patient had the arms supported sideways to prevent any movements. After emptying the bladder, at time 0 ¶ the tracer injection was performed, and dynamic acquisition was acquired for 20 minutes. At 5 minutes after tracer injection, the patients were encouraged to drink 400 to 500 mL of water. At 10 minutes during dynamic acquisition, a dose of 20 mg of furosemide was given IV (see timeline in Fig. 1 ).
All patients were normally hydrated and without diuretics or angiotensin-converting-enzyme inhibitors for 48 hours before the study. The patients were asked to empty their bladder before tracer injection. Blood pressure was measured before and after the tests to evaluate change in blood pressure. After insertion of an IV catheter with injection valve, a dose of 100 to 150 MBq, volume 0.2 to 0.3 mL, of 99m Tc-MAG3 was injected, preceded and followed by an injection of few milliliters of normal saline solution.
Renograms were performed in posterior view, using a dualdetector system with rectangular large view (Infinia II-Xeleris; GE Healthcare, Milwaukee, Wis), with a single-head flexibility allowing scan in all positions (lying, seated, standing, etc). The gamma camera was equipped with a low-energy all-purpose collimator, and the photopeak was selected at 140 keV with a T10% energy window. The FOV included the kidneys, heart, and bladder. In all renograms, a 20-minute dynamic phase was acquired, with a frame rate of 2 s/frame for the first 60 frames, and 10 s/frame for 108 frames, using a 128 Â 128 matrix and zoom 1. After dynamic acquisition, we request the patient to walk to the toilet and empty the bladder. For both procedures, additional later postmicturition (PM) planar static views (60µ, 128 Â 128, zoom 1) were acquired in supine and upright position.
The renal regions of interest were determined on a summed uptake image including the entire kidney and pelvis; the renal curves were corrected for background using a perirenal area; the aortic curve was obtained by drawing, on the 1-to 2-minute image, a region of interest around the highest aortic activity.
Evaluation of the renograms was based on the comparison of split renal function %: determined on the basis of the 1-to 2-minute background-corrected renal activity; T max : the time required to reach maximal activity on the renogram, normal value less than 6 minutes; 20 min/peak ratio: the ratio between the average activity of the curves at 19 to 20 minutes and the peak activity (normal value G0.25); diuretic T 2 : the time elapsed between the administration of the diuretic and the half-time; early summed uptake image: the summed image of the perfusion interval 60µ to 120µ; and later PM images. Qualitative evaluations of the later PM images in supine and upright position were acquired after walking and voiding. The criteria of evaluation were based also on the values of drainage index. According to previously published works, we considered as normal a T max less than 6 minutes and a 20 min/peak ratio of less than 0.25. 11 The early summed uptake images acquired in seated position were compared with later images acquired in supine position, measuring the distance between the upper third of the kidney and an anatomical landmark on sternum, to evaluate the occurrence of nephroptosis.
All renograms were evaluated independently by 2 expert physicians blind with regard to the patient's information to evaluate interobserver concordance, using a commercial software (Xeleris workstation; GE).
The results of Fj15 procedure were classified as nonobstructive, obstruction, equivocal, and not applicable. Using F+ 10(sp) procedure, in the group of patients with nonobstructive result, we can distinguish also between normal (T max G6 minutes) and dilation without obstruction (T max 96 minutes; 20 min/peak ratio G0. 25) , giving information about the baseline state.
One year after inclusion in the study, another F+10(sp) renogram was performed as a follow-up in 21 (58.3%) of 36 patients, to check the results of surgical or medical treatments. Creatinine, urea, blood pressure, and ultrasound findings were evaluated to monitor the clinical evolution.
Paired Student t test and McNemar/Stuart-Maxwell tests were used to compare the results of the 2 different procedures in terms of % uptake, T max , diuretic T 2 , 20 min/peak ratio, and adverse effects/ diagnosis, respectively. The concordance between the diagnosis obtained with the Fj15 procedure and that obtained with the F+10(sp) was evaluated using the contingency coefficients or the Cohen J. With respect to these, the following interpretations were generally accepted: slight agreement = 0.00 to 0.20, fair agreement = 0.21 to 0.40, moderate agreement = 0.41 to 0.60, substantial agreement = 0.61 to 0.80, and almost perfect agreement = 0.81 to 1.00.
The significant level was set at P e 0.05. The statistical software package used for the analysis was SPSS 12.0 (SPSS Inc, Chicago, Ill) for Windows.
Ethical approval from an appropriate committee (Catholic University S. Cuore, Rome, Italy), and consent was obtained from participants to the study.
RESULTS
The total number of patients examined was 36; demographic and anamnestic data are shown in Table 1 . For Fj15 procedure, the mean T max was 4.0 (SD, 3.34) minutes; the mean diuretic T 2 was 10.19 (SD, 8.85) minutes; the mean 20 min/peak ratio was 0.27 (SD, 0.14), whereas for F+10(sp) the mean T max was 7.51 (SD, 3.43) minutes; the mean diuretic T 2 was 8.50 (SD, 16.92) minutes, and the mean 20 min/peak ratio was 0.23 (SD, 0.12). Significant differences between the results obtained with the 2 procedures were observed for % uptake of left kidney, T max of both kidneys, diuretic T 2 of both kidneys, and 20 min/peak ratio of right kidney ( Table 2) .
Fj15 showed nonobstructive results in 46 kidneys (63.9%), obstruction in 19 (26.4%), and equivocal findings in 5 (6.9%), and it was not applicable in 2 (2.8%).
F+10(sp) showed nonobstructive results in 51 kidneys (70.9%); obstruction (20 min/peak ratio 90.25) in 20 (27.8%), and equivocal result in 1 (1.4%). Considering as normal a T max of less than 6 minutes, F+10(sp) distinguished normal findings (T max G6 minutes) in 30 kidneys (41.7%) and dilation without obstruction (T max 96 minutes, 20 min/peak ratio G0.25) in 21 kidneys (29.2%) ( Table 3 ).
In the group of 11 kidneys with equivocal results at Fj15 test, the F+10(sp) distinguished 3 obstruction, 6 dilation without obstruction, 1 normal, and 1 equivocal results.
The Cohen J coefficients were shown to be 0.421 and 0.478 for left and right kidney diagnoses, respectively. However, in considering dilation without obstruction as a normal variant and achieving unequivocal diagnosis for doubtful cases, the Cohen J was shown to be 0.837 and 1 for the left and right kidneys, respectively.
Comparing early summed uptake images acquired in seated position with the later image acquired in supine position, we found nephroptosis in 16 (22.2%) of 72 kidneys and ectopia in 1 kidney (1.4%). In 10 (62.5%) of 16 kidneys with ptosis, F+10(sp) revealed a delayed drainage phase (Fig. 2) .
One year after inclusion in this study, 21 (58.3%) of 36 patients had repeated F+10(sp) renography as a follow-up for evaluation of clinical data. Eight of 21 patients underwent surgery: 6 of 8 patients had a normalization of the 20 min/peak ratio, whereas 2 of 8 patients had only minor improvement of 20 min/peak ratio.
Thirteen of 21 patients were medically treated: 6 of 13 patients confirmed a normal value of the 20 min/peak ratio, 2 of 13 patients had an improvement of this index, 2 of 13 patients showed a steady state (moderate obstruction), whereas 3 of 13 patients had a worsening of 20 min/peak ratio with the clinical signs of uropathy, such as hypertension or recurrent urinary tract infection.
Adverse effects reported for the Fj15 renogram were symptomatic hypotension in 2 patients and renal colic in 3 patients. Using Fj15 procedure, we observed bladder fullness in 12 patients, and in 5 of 12, the test was disrupted because of voiding. No adverse effects were reported for F+10(sp) ( Table 4 ).
DISCUSSION
To achieve a reliable analysis of the post furosemide curve, it is vital to consider some physiological variables. Prigent and Piepsz suggested that the equivocal or false-positive studies of diuretic renography may result from the following causes: the posture and effect of gravity on the drainage, the function of the kidney (split renal function G10%), the slow washout of the tracer due to a distended bladder (bladder filling), and the volume of the renal pelvis. 12 Thus, when the patient is supine, urine flow may be slow, and the renogram curve will show a rising pattern, mimicking obstruction and altering the index of drainage. 13 When the test is performed in supine position, and to prevent the misleading factors, it is strongly suggested that a later PM static image be obtained after upright posture (gravity-assisted drainage) irrespective of the timing of the furosemide injection. 14Y16 The renal drainage normalizes after upright posture and micturition, and very often the findings of late PM image contradict the information provided before by T 2 only. 17 Current European Association of Nuclear Medicine guidelines for children suggest ''a further important aspect of this approach is to move the child to erect position some time after the administration of the diuretic to allow gravity to have its effect and further reduce apparent poor renal drainage simply due to a dilated system in the supine position. As here is a significant time gap before the acquisition of the PM images, the infant or child should be erect for all or most of this period.'' 5 However, in some cases (ie, impaired function of 1 kidney or incomplete emptying of the bladder), the qualitative evaluation of a late PM image could be misleading, if the renogram curve findings are not considered.
Many authors suggested calculating output efficiency (normal value 90.80) and normalized residual activity at 20 minutes (normal value G0.24) or 35 minutes in case of F+20. Obviously, these indices are also influenced by posture, and some authors strongly suggest calculating the drainage index on the late PM image after voiding and walking for few minutes. 18 The higher dose of furosemide of Fj15 procedure (40 mg) may cause a back-pressure effect with a significant impairment of renal drainage, and in some cases, bladder filling may reduce the compliance of patients. 19Y24 In our study, using Fj15 procedure, the bladder distension resulted in disruption of the test because of the need for voiding in 5 patients, compromising the evaluation of drainage index. A full or rapidly filling bladder may affect upper tract emptying and thereby result in artificially poor drainage.
An empty bladder by the end of the study is therefore essential for correctly interpreting an abnormal drainage curve. This may be achieved by inserting a bladder catheter at the beginning of the procedure. This approach was proposed by Conway 12 to solve bladder fillingYrelated problems, but many centers prefer not to insert a bladder catheter and simply wait until there is spontaneous emptying.
The shape of the drainage curve and T 2 are influenced also by several variables including hydration and timing of furosemide administration. As confirmed by Piepsz et al 24 and Donoso et al, 25 the early furosemide interventions (Fj15, F0) have other potential pitfalls such as accelerating transit and therefore not providing information about baseline state, and the renogram peak may be shifted to the left because of early diuretic injection.
In our study, using Fj15 procedure, the T max was less than 3 minutes in 37 (51.3%) of 72 kidneys and that can make the use of the Patlak-Rutland method difficult. The F+10(sp) procedure combines a favorable gravity effect caused by seated position with a better timing (a shorter interval between hydration and diuretic administration). This procedure uses a lower dosage of furosemide (20 mg) that can avoid 2 problems: the blood pressure drop and delayed drainage due to supine position and bladder fillingYrelated problems.
In patients with dilation of the pelvis without obstruction, the effect of furosemide on the renogram curve is clearly evident about 2 minutes after furosemide IV injection (Fig. 1) .
The drainage indices (diuretic T 2 , 20 min/peak ratio) measured with F+10(sp) are favorably influenced by gravity effect induced by the seated position, and the values are significantly lower than that calculated in supine position. This improves the diagnostic value of the test.
Comparing the 20 min/peak ratio (normal value G0.25) of the 2 procedures (Table 3) , we observed that the values of F+10(sp) procedure appear to be significantly more specific and reliable to distinguish between dilation and obstruction, allowing for more accurate diagnosis.
We would like to point out that the F+10(sp) procedure allows a more accurate diagnosis of baseline state, in distinguishing between normal cases and the presence of a dilation without obstruction, whereas the Fj15 method can only differentiate between nonobstructed and obstructed kidneys. F+10(sp) would also demonstrate the influence of nephroptosis on the drainage phase. In our study, 10 (62.5%) of 16 ptotic kidneys had a delayed drainage phase and that may have a significant effect on clinical management of these patients.
In this study, using the F+10(sp) procedures, the number of equivocal diagnosis decreases from 6.9% to 1.3%, improving the accuracy of the test and the concordance between observers.
We observed a significant decrease of adverse effects with the F+10(sp) procedure. In particular, no blood pressure drop was observed during and after the test.
CONCLUSIONS
The Fj15 procedure appears to be unfavorably influenced by the gravity effect, determining a lower reliability of drainage index that results in a higher incidence of equivocal diagnosis. In this study, we have shown that F+10(sp) procedure reduces the equivocal findings of Fj15 from 6.9% to 1.4%, improving the interobserver concordance.
The F+10(sp) procedure, through avoidance of the physiologic or nonspecific retention of the tracer in the renal pelvis, typical of supine position, may improve the diagnostic role of the drainage indices such as 20 min/peak ratio. In addition, the lower dose of furosemide and a better timing, avoiding bladder fillingYrelated problems, may improve the accuracy of the test and patients' compliance and reduce disruption caused by voiding.
Moreover the F+10(sp) procedure gives information about baseline state and may highlight the effects of renal ptosis on the drainage phase, helping in clinical management of these patients.
Considering our data and follow-up, the F+10(sp) procedure is reproducible and can be helpful in evaluating surgical treatment and monitoring implanted JJ stent.
